Research interest in deception detection has significantly increased during the past decades. The current overview discusses the validity of specific behavioral measures that can detect concealed information. Thus we reviewed the main theoretical assumptions behind a novel method labeled as Reaction Time-based Concealed Information Test (RT-based CIT) and we presented an overview of the current research in the field. Although the RT-based CIT is a promising method for lie detection, the focus of this article is on its potential value in understanding the cognition of deception. Given the robust theoretical background of the RT-based CIT, we argue for the value of this line of research in uncovering the underlying cognitive mechanisms involved in deceptive behavior.
Introduction
The purpose of the current article is to succinctly review recent progress in deception detection techniques, with a focus on revealing concealed information that people are not willing to disclose. Within this paradigm, directions for research on the cognitive correlates of deception are discussed, emphasizing specific processes that need further examination.
It is of particular interest to forensic science to advance in the understanding of memory assessment of suspects with regards to crime-related information. There has been a significant concern in developing adequate techniques that allow for such assessment. Guilty suspects are unique in comparison to innocent suspects, because they possess such critical knowledge about the crime. Only they can recognize the crime-scene items when they are confronted with them and respond accordingly. For example, in the case of a murder, a suspect can be asked about the murder weapon (i.e. the 'probe'-e.g. the actual knife used in the murder), which can be presented among several 'irrelevant' items (a gun, a rope, an axe). When the test is properly designed, the knowledgeable (guilty) suspect is the only one who can differentiate the probe from the incorrect items. This method designed to detect concealed knowledge was traditionally named the Guilty Knowledge Test (GKT, Lykken, 1959) , but more recently it has been referred to as the Concealed Information Test (CIT; see .
The theoretical background of the CIT
As previously explained, the critical information regarding the crime details can elicit behavioral and physiological responses in guilty suspects. It has been argued that these responses are most likely to be explained by cognitive, rather than emotional factors (Ben-Shakhar & Furedy, 1990) . The main theoretical account for the enhanced reactions to the critical information is structured around the construct known as the orienting response (Sokolov, 1963) . The orienting response is a complex of physiological and behavioral reactions, controlled by the autonomic nervous system (Sokolov, 1963) , that triggers the active orientation of attention towards novel or significant events, and the mobilization of resources for processing these events (see Maoz, Breska, & Ben-Shakhar, 2012) . It has been reasoned that concealed knowledge will elicit enhanced responses only for the guilty suspects (Lykken, 1959) .
There is ample evidence supporting the orienting response account for the CIT effect (for a review see Ben-Shakhar, 2012) . Concealed information is associated with the physiological responses that are known to be typical for the orienting response (e.g. increased SCR, heart-rate deceleration, respiratory suppression, and increased pupil dilation). Whereas research on the concealed information test has mainly focused on the physiological responses, behavioral measures (e.g., task interference) can also provide strong evidence of the use of orienting response in detection. In a study conducted by Verschuere et al. (2005) , it has been argued that concealed information elicits enhanced orienting due to its relevance. The behavioral data (accuracy and reaction times) provided unique support for the orienting theory of the concealed information test (Verschuere et al., 2005) . During a CIT, concealed information is primed in the short-term memory as relevant. New incoming stimuli are automatically compared with the relevant items. If this comparison results in a match, an orienting response is elicited. This will interrupt the ongoing behavior and attention will be allocated to the relevant information, resulting in impaired performance on a secondary task (Verschuere et al., 2005) .
The use of behavioral measures in detecting concealed information
The use of reaction times in guilty knowledge detection has previously been studied in several paradigms, but received a great deal of attention when it was integrated in the orienting response information processing paradigm and tested with the CIT. Longer RTs associated with deception have been noted in the literature for some time (Goldstein, 1923) , reliably showing that there is increased effort when lying.
The concealed information effect indeed manifests itself in response slowing and diminished accuracy for the relevant items. As Ben-Shakar (2012) noted, examining response latency (or response time-RT) to critical and neutral items provides useful information that can distinguish between knowledgeable and unknowledgeable (innocent) individuals because significant stimuli capture attention and thus require more processing time.
A large number of ERP studies have previously shown that the concurrent response latency measures successfully detected concealed information in knowledgeable participants (for a review, see Ben-Shakar, 2012) . Indeed, response latency has been included in several ERP studies using the oddball paradigm (e.g., Farwell and Donchin, 1991) and indicated enhanced RTs to critical items among knowledgeable participants. Surprisingly, Allen et al. (1992) reported a slightly better performance of the behavioral measures (response time and accuracy) when compared with the ERP measures in guilty knowledge detection. Seymour et al. (2000) were the first to examine whether concealed information can be detected using only RTs, without concurrent ERP recordings. In their study, Seymour et al. (2000) found that RT measures can be reliable indicators of guilty knowledge (RTs were slowest for guilty-probe responses). This version of the test is now known as the RT-based CIT (Seymour and Kerlin, 2008; Verschuere et al., 2010) . In this procedure, the subject is required to give speeded responses to three types of items: probes, targets, and irrelevants. Probe items are selected from the crime itself and are supposed to represent relevant details of the crime; the irrelevant items share a variable degree of categorical similarity with the relevant items, and are usually several times more numerous. The deceptive participant denies recognition of both irrelevant and probe items. Target items (explicitly learned and recognized as such) are used in order to prevent the subject from entering an automatic mode of responding; they also share categorical similarity with the other two types of items. Several studies have suggested that this procedure can successfully detect concealed information, supporting the validity of the RT-based CIT (see .
A brief description of RT-based CIT research
Several studies have successfully proven that a reaction-time (RT) based test may successfully reveal concealed information. Based upon their experimental studies, Seymour et al. (2000) argued that the RT-based test is a valid method for concealed information detection, and that it may be a viable alternative to the polygraph test. However, Farwell and Donchin (1991) were skeptical about the potential of response latency in concealed information detection, implying that RTs are not suitable for such a complex task based on the fact that they are under voluntary control. Gronau et al. (2005) also argued that the use of response latency in detecting concealed information is rather questionable.
The study conducted by Verschuere et al. (2010) was the first to directly compare the RT-based test and the polygraph test within a single session. The RT-based test appeared very effective in discriminating concealed information from control information, with a very large effect size (Verschuere et al., 2010) . The test performed better than the polygraph test, surprisingly exceeding the detection efficiency of the most sensitive autonomic nervous system measure (i.e. SCR -skin conductance response). In addition, another study conducted by argued whether the RT-based CIT can be a valuable candidate for detecting concealed information in comparison to the well-established CIT paradigm with physiological measures. The study examined the detection efficiency of the traditional polygraph CIT and the recently introduced RT-based CIT in the same mock crime scenario. Results confirmed the detection of concealed information effects using both assessment techniques and revealed that the two methods have similar accuracy rates . The data support the validity of the RT-based test for concealed information detection, and indicate that its discriminative power is similar to the polygraph, consolidating the potential of the RT-based test.
In the pursuit of validating the RT-based test, a new research opportunity has emerged. Due to its simplicity, an RT-based test has great advantages for related cognitive research of deception. This method can offer a unique framework for the analysis of the cognitive mechanisms involved in concealing information. Similarly, argued that the RT-based measurements could offer relevant indexes of supplementary (executive) processing. As a consequence, the line of research regarding cognitive mechanisms involved in concealing information developed. Gronau et al. (2005) indicated that the orienting response is related to higherorder executive functioning, rather than to visual attention per se. In the study conducted by Visu-Petra et al. (2012) using a RT-based CIT, individual measures of executive functions (inhibition, shifting, and working memory) and anxiety measures were collected and examined in relation to concealing information. The results indicated that the detection efficiency was related to all executive function measures (except verbal WM). In a later study, using an interference design, Visu-Petra et al. (2013) investigated the possibility to enhance the detection efficiency of the RT-based CIT by increasing executive load. By experimentally introducing different concurrent tasks, the authors investigated which particular executive skill is essential to concealing information when disrupted. Studies have shown that there is a general mechanism subserving both executive functioning and deceptive responses (Johnson et al., 2004) , so that disrupting the efficiency of executive functions would directly impact the way a person conceals information. This idea was also tested by introducing an interfering inhibition (dot-probe) task within the RT-based CIT, which led to an increase in its detection efficiency (Hu et al., 2013) . The findings suggested that the elevation of cognitive workload could possibly increase the detection efficiency of concealed memory based on behavioral measures (Hu et al., 2013) . Undoubtedly, the use of RT-based CIT continues to generate important insights for research on the involvement of executive functions in deceptive behavior.
Potential limitations and future directions for the RT-based CIT
In spite of the extensive research conducted on the CIT and its impressive validity estimates, the method has not been applied extensively in the forensic field (Nahari & Ben-Shakar, 2011 , for a review of current limitations of the CIT see Ben-Shakar, 2012 and Matsuda et al., 2012) . Many possible explanations have been promoted to explain this gap between its use in research versus the applicability in the field. The lack of studies regarding the external validity of the RT-based CIT is one of the notable limitation of the CIT research conducted so far. The more realistic mock crime studies involving incidental encoding of crime-related information emphasized the importance of the rigorous study of information encoding of stimuli in the CIT (Gamer et al., 2010; Nahari & Ben-Shakhar, 2011) . However, the most valuable use of the RT-based CIT is to explore the underlying cognitive processes involved in deceptive behavior. Future field studies should be conducted in order to assess the practical applicability of this method for detecting deception in real life situations.
Even though the traditional CIT has been used for criminal investigations and its results are accepted as evidence in criminal courts in Japan, the CIT results are not considered sufficiently strong to provide evidence in court (Matsuda et al., 2012) . Although the RT-based CIT is promising for lie detection, it is especially useful for understanding the cognition of deception. However, to improve its probative force, a good approach would be to use proper statistical methods to interpret the results. In field use of the CIT in Japan, CIT results are mainly examined by visual inspections (Osugi, 2011) . Z-score transformations are recommended to augment traditional analyses of raw response latencies and to remove the influence of individual differences in overall mean response latency within a single group. Besides the z-score averaging, other statistical methods have been proposed: logistic regression discrimination, latent class discrimination, Bayesian classification, multivariate normal distribution discrimination, and dynamic mixture distribution discrimination (for a detailed review of all these methods, see Matsuda et al., 2012) . Also, to properly determine the hit-rate, the bootstrapping method (Wasserman & Bockenholt, 1989) would be the optimal solution.
Furthermore, considering the current status of the field, using reaction time might raise certain issues. Firstly, reaction time can be the subject of intentional control. Countermeasures affecting reaction time might be easier to use than those affecting autonomic responses. Secondly, one cannot rely on the examinees following the critical instructions, such as "respond as quickly and accurately as possible". In contrast to the autonomic-based CIT, in a reaction-time test examinees must respond actively (Matsuda et al., 2012) . Despite these limitations, research might profit from further examination of reaction time in the CIT. It is an easily obtained measure, and individual differences in response times might not be of concern if quantified using within-subject metrics (z-scores).
In the present paper, we reviewed the theoretical assumptions behind the RT-based CIT and we offered a selective review of the relevant research in the field. Response latency can be used for detecting concealed information with the CIT, but this measure has received relatively little research attention and definitely should be more thoroughly explored. Adding a cognitive view on the concealed information paradigm might provide a theoretical framework that allows a more complete understanding of the cognitive mechanisms involved in deception. Given the robust theoretical background of the RT-based CIT, and the promise of improvements using more sophisticated statistics, we hope that the use of the RT-based CIT will grow in the current research of concealed information detection.
